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Abstract
Background: This study conducted a meta-analysis to compare the effectiveness and safety of the negative pressure w®
therapy (NPWT) with the moist wound care (MWC) in the treatment of diabetic foot ulcers (DFUs).

Methods: The PubMed, EMBASE, and CENTRAL were searched by 2 of the authors, to identify randomized controlled trials
comparing the clinical outcomes of patients treated with NPWT versus MWC for DFUs. Meta-analyses were performed for several
outcomes, including wound healing results, amputation or resection incidence, and risk of adverse events, utilizing the “meta”
package of R language version 4.0.3.

Results: A total of 10 trials (619 patients in NPWT group and 625 in MWC group) and 8 trials were included for the qualitative
and quantitative syntheses, respectively. As a result, significantly lower risk of non-closure of the wound (risk ratio [RR] = 0.74,
95% confidence interval [CI]: 0.63-0.87; P = .001), lower average wound area (standard mean difference = —0.80, 95% Cl: —1.54
to —-0.06; P = .034), more wound area decrease (standard mean difference = 0.81, 95% Cl: 0.36-1.26; P = .001), increased
appearance rate of granulation tissue (RR = 1.61, 95% Cl: 1.07-2.41; £-0.021), and lower risk of amputation or resection (RR
=0.70, 95% ClI: 0.50-0.99; P = .045), were demonstrated for the NPWT group when compared to MWC group. However, no
statistically significant difference was found for the disappearance rate of wound discharge at 8 weeks, the rate of blood culture
positivity, VAS-pain score, and the overall frequency of adverse events between the 2 treatment groups (P = .05).

Conclusion: NPWT could accelerate process of the wound healing, and decrease the risk of post-treatment amputation or
resection, without any additional frequency of adverse events, when compared with MWGC, in patients with DFUs.

Abbreviations: Cl = confidence interval, DFU = diabetic foot ulcer, IL = interleukin, MWC = moist wound care, NPWT = negative
pressure wound therapy, PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-analysis, RCT = randomized
controlled trial, RR = risk ratio, SMD = standard mean difference.
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1. Introduction

Diabetes mellitus is one of the most common metabolic disease
with high prevalence, having caused the heavy medical bur-
den.!'?! As reported by the International Diabetes Federation,
there were 366 million diabetics in 2011, and by 2030 it was
estimated that there would be 522 million patients with dia-
betes.’! As a disabling complication of diabetes, diabetic foot
ulcers (DFUs) are characterized with difficult-healing chronic
wounds and treatment difficulties, rendering a severe chal-
lenge for clinical management.*S! Reportedly, diabetics had a
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15% to 25% chance to develop DFU, and even after effec-
tive treatment, there was still a risk of recurrence rate of 50%
to 70% for the ensuing 5 years,/° ultimately leading to the
amputations.

Various treatment strategies have been proposed to improve
clinical outcomes for DFUs, including the moist wound care
(MWC) and the negative pressure wound therapy (NPWT).
Nevertheless, the optimal treatment choice for this disease
is still undefined. As a novel, non-invasive treatment method,
NPWT provides localized negative subatmospheric pressure
via vacuum-assisted closure device to accelerate wound healing
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with the mechanism of removing chronic interstitial wound
fluid through a specified pump and improving tissue perfu-
sion.”l And increasing evidence has shown that this technique
is effective in the clinical practice. Moreover, some studies fur-
ther elaborated the underlying molecular mechanisms via basic
experiments.!'*12l For example, Wang et all'!l recently discov-
ered NPWT’s anti-inflammatory effect through down-regulating
MAPK-]JNK signaling pathway in DFUs.

In recent years, some randomized controlled trials (RCTs)
have been also conducted to evaluate the clinical efficacy of
NPWT compared with MWC, and most of the studies achieved
positive results. However, to our knowledge, there are no pre-
vious meta-analyses performed on this issue. Due to the exist-
ing controversy, therefore, we collected all available raw data
from relevant RCTs to comprehensively compare the effective-
ness and safety of the NPWT with the MWC, with the aim of
providing a more reliable evidence for clinical application of
NPWT.

2. Materials and Methods

2.1. Data retrieval

This study was performed according to guidelines outlined in
Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) statement.

Two reviewers independently searched the electronic plat-
forms of the PubMed, EMBASE, and CENTRAL. Key words
used for study retrieving include “Diabetic Foot,” “Negative-
Pressure Wound Therapies,” “Vacuum-Assisted Closure,” and
so on. The detailed searching strategies are available in Table 1,
Supplemental Digital Content, http:/links.lww.com/MD/G885.
In addition, the reference lists of the included studies were
checked for identifying potential eligible studies.

2.2. Inclusion and exclusion criteria

Studies would be assessed for the eligibility for inclusion by 2
individual authors, according to the following inclusion criteria:
(1) Participants: patients diagnosed with DFUs; (2) Intervention:
the wound was treated with NPWT; (3) Comparison: the
wound was treated with MWC; (4) Outcome: studies assessed
the wound-related clinical outcomes; (5) Study: RCTs were
included exclusively.

Studies would be excluded from the final inclusion, according
to the exclusive criteria: (1) studies published with languages
other than English; (2) duplicated studies; (3) non-RCTs.

2.3. Data extraction

After study retrieving on databases, the records were exported
and checked for duplicates. The remained titles/abstracts were
screened initially for potential eligibility after removing of the
duplicates. Then, full-texts of the remained records were further
assessed to identify the final eligible studies for qualitative and
quantitative syntheses.

The related data were extracted by 2 authors independently,
including the following items: (1) study information: lead
author’s name, publication year, study period, and country of
first author; (2) patients characteristics: number of patients,
male percentage, average age, drop-out patients, ulcer classifi-
cation, and duration of ulcer; (3) treatment information: initial
therapy before NPWT and MWC, device selected for applica-
tion of negative pressure, and detailed protocols for NPWT and
MWGC; (4) clinical outcomes: wound status following treatment
(wound closure rate, wound surface area, wound discharge, and
appearance of granulation tissue), VAS-pain score, blood culture
positivity, risk of amputation or resection, and the overall risk of
adverse event. All of the above data were extracted by 2 authors
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independently, and all disagreements on the extracted data were
solved by the third senior author.

2.4. Risk of bias assessment

The risk of bias of each included RCT was assessed utilizing
the Cochrane Collaboration tool for assessing risk of bias.!"?!
This tool evaluated the risks of bias about the randomization
sequence generation, allocation concealment, blinding of partic-
ipants and personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting, and other bias.

2.5. Statistical analysis

The risk ratio (RR) and 95% confidence interval (95% CI)
were selected as the effect size for dichotomous variables, while
standard mean difference (SMD) and 95% CI was selected
for continuous data. Quantitative pooling of the primary data
was performed using fixed- or random-effect model according
to the heterogeneity between studies. I> was used to detect the
between-study heterogeneity, and I?> value of more than 50%
indicates significant heterogeneity, and random-effect model
would be applied.

When more than 3 trials were included in a meta-analysis
with significant heterogeneity, sensitivity analysis would be per-
formed by omitting each primary study, to assess the stability
of pooling result and identify the studies causing non-stability.
Egger and Begg tests were performed to test the risk of publica-
tion bias when more than 5 studies were enrolled for analysis
(P =.1and P = .05 indicate significant publication bias for Egger
and Begg tests, respectively).["4]

The “meta” package of R language ((R Foundation for
Statistical Computing, Vienna, Austria) was used for statistical.
P value of <.05 was regarded as statistically significant.

2.6. Ethics and dissemination

Ethical approval was not essential as all included data were
obtained from published articles.

2.7. Patient and public involvement

This meta-analysis was performed by previously published data,
thus no patient and public content was included in this study.

3. Results

3.1. Study searching and screening process

The initial retrieving in the electronic platforms identified a
total of 977 records. Two records were additionally identified
through searching by hand. After removing of 235 duplicated
studies, 744 titles/abstracts were further screened for eligibil-
ity. Then, 63 remained full-text articles were assessed for final
inclusion. As a result, 10 RCTs!®%!5-22hyere enrolled in qualita-
tive synthesis and 8 RCTs!®%15-1%! were enrolled for quantitative
meta-analysis. The flow chart of study retrieving and selecting is
available in Figure 1.

3.2. Characteristics of the primary RCTs

All of the included studies were 2-arm RCT. A total of 1244
patients were enrolled in the 10 primary RCTs, including
619 treated with NPWT and 625 treated with MWC. The
male percentages in these treatment arms were ranges from
35.7% to 86.7%. The average age was ranged from 52.9 to
68.1 years old. In total, 58 patients were lost to the final fol-
low-up in the 10 primary studies. The ulcer classification was
available in 4 studies. Duration of ulcer at diabetic foot was
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Figure 1. Flow chart of the study retrieval and selecting.

available in 4 studies, with an average duration between 3.1 and
7.2 months. The detailed summary of the included studies is
shown in Table 1. Table 2 shows the treatment protocols for the
included studies. Generally, the initial treatments mainly include
debridement, antibiotics, and glycemic control. The type of neg-
ative pressure device was available in 5 studies. The negative
pressures for NPWT were predominately set at -125 mm Hg in
5 RCTs, with intermittent or continuous modes. Different moist
wound dressings were applied and changed daily or twice daily.
Figure 2 presents the result of risk of bias assessment, showing
no obviously high risk of bias existed for these 10 trials.

3.3. Wound-related outcomes

The overall wound closure rate was reported in 5 studies, with
significant heterogeneity among these primary studies. A sen-
sitivity analysis was performed to detect the studies causing
non-stability, showing that the study of Seidel et al!'¥! caused sig-
nificant non-stability (Figure 1, Supplemental Digital Content,
http:/links.lww.com/MD/G885). After omitting of this study, a
new meta-analysis was conducted, and the result is shown in
Figure 3. As a result, a significantly lower risk of non-closure
of the wound was demonstrated for the NPWT group when
compared to MWC group (RR = 0.74, 95% CI: 0.63-0.87;
P =.001).

Figure 4 shows the results for comparison on wound area (A)
and the wound area decrease (B). As a result, the NPWT group
was found to be with significantly lower wound area (SMD =
-0.80, 95% CI: -1.54 to -0.06, P = .034) and more wound
area decrease (SMD = 0.81,95% CI: 0.36-1.26, P = .001) when
compared to that of the WMC group.

Figure 5 presents the forest plots for appearance of granula-
tion tissue at 2 weeks (A) and disappearance of wound discharge
at 8 weeks (B). It was demonstrated that the appearance rate of
granulation tissue at NPWT group was higher than MWC group
at 2 weeks following treatment (RR = 1.61,95% CI: 1.07-2.41,
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P =.021). However, the disappearance rate of wound discharge
was similar between 2 treatment groups at 8 weeks after therapy
(RR =1.08,95% CI: 0.92-1.27; P = .331).

3.4. Blood culture positivity

The rates of blood culture positivity were reported in 3 pri-
mary trials, and the pooling result is shown in Figure 6, demon-
strating that the NPWT was associated with non-significantly
lower incidence of blood culture positivity than MWC group
(RR =0.73,95% CI: 0.53-1.02, P = .062).

3.5. VAS-pain score

The VAS-pain score was available in 2 of the primary trials
(Fig. 7). The pooling result showed that no difference on the
VAS score at final follow-up was found between 2 treatment
groups (SMD = -0.37,95% CI: -1.28 to 0.54; P = .427).

3.6. Risk of amputation or resection

Figure 8 presents the forest plot for the risk of amputation or
resection. A total of 5 primary trials were involved, with a fixed
effect model. As a result, significantly lower risk of amputation
or resection after treatment was found for the NPWT group
than that of the MWC group (RR = 0.70, 95% CI: 0.50-0.99;
P = .045). No significant publication bias was found according
to Egger (P = .162) and Begg (P = .327) tests.

3.7. Adverse events

Two studies reported the overall frequency of adverse events,
and the pooling result is available in Figure 9. It was found
that the 2 treatment methods were associated with similar inci-
dence of overall adverse events (RR = 1.10, 95% CI: 0.67-1.80;
P = .720).

4. Discussion

DFU is the most frequent and intractable complication of dia-
betes, as well as the major cause of hospitalization, determining
the prognosis of these patients to some extent. Although many
treatment strategies have been developed for the clinical man-
agement of these patients, the outcomes of patients with DFUs
are still frustrating. As a new emerging, non-invasive treatment
system, NPWT has been advocated for its ability in manipu-
lating the chronic wound environment to reduce bacterial bur-
den and wound exudates, and increase vascularity and cytokine
expression, thereby contributing to wound healing.!*! While, the
MWC in patients with DFUs has been recognized as a stan-
dard wound care process. In this study, we obtained all available
raw data from relevant RCTs and conducted a meta-analysis,
demonstrating that NPWT is superior to MWC concerning the
wound healing, and the risk of post-treatment amputation or
resection, without increased risk of intolerance.

In the RCT of Wang et al,l''l they investigated the mecha-
nism of regulation of mitogen-activated protein kinase-c-Jun
N-terminal kinase signaling pathway by NPWT on diabetic
foot wounds, demonstrating that NPWT could effectively
alleviate inflammatory reaction and reduce interleukin (IL)-6
and inducible nitric oxide synthase production at 7 days fol-
lowing treatment, and decrease the level of tumor necrosis
factor-a, IL-6 and P-c-Jun N-terminal kinase. Karam et al!**!
also researched the molecular mechanism of NPWT in DFUs,
finding that after 10 days of treatment with NPWT, levels of
IL-1p, tumor necrosis factor-a, matrix metalloproteinase-1,
and matrix metalloproteinase-9 were significantly down-reg-
ulated, while levels of vascular endothelial growth factor,
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Figure 2. Result of risk of bias assessment using the Cochrane Collaboration tool.

NPWT MWC
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Lone--2014 6 28 13 28 —— 0.46 [0.20;1.04] 8.9%
Ravari--2013 3 10 9 13 + 0.43 [0.16;1.19] 5.4%
Nain--2011 3 15 6 15 , 0.50 [0.15;1.64] 4.1%
Blume--2008 96 169 118 166 =7 0.80 [0.68;0.94] 81.6%
Fixed effect model 222 222 < 0.74 [0.63; 0.87] 100.0%

Heterogeneity: /2 = 18%, 1* = 0.0292, p = 0.30 ' ' ! !
02 05 1 2 5

Figure 3. Forest plot for the comparison of wound closure rate between NPWT and MWGC groups. Cl = confidence interval, MWC = moist wound care,
NPWT = negative pressure therapy, RR = risk ratio.

NPWT mwc Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Seidel--2020 171 4.40 8.10 174 493 10.95 -0.05 [-0.27; 0.16] 39.4%
Sajid--2015 139 1153 2.78 139 1370 292 - -0.76 [-1.00; -0.52] 39.0%
Ravari--2013 10 28.80 8.50 13 5420 1250 ————— -2.23 [-3.32; -1.15] 21.6%
Random effects model 320 326 -0.80 [-1.54; -0.06] 100.0%
Heterogeneity: /> = 93%, ©° = 0.3496, p < 0.01 U R B B
3 -2 1 0 1 2 3
A
NPWT mwc Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
James--2019 27 10.34 9.14 27 350 6.25 - 0.86 [0.30;1.42] 63.7%
Nain--2011 15 16.14 13.04 15 5.98 14.41 +——— 0.72 [-0.02; 1.46] 36.3%
Fixed effect model 42 a2 —=——  0.81 [0.36; 1.26] 100.0%
Heterogeneity: /2 = 0%, * =0, p = 0.77

B -1 05 0 05 1

Figure 4. Forest plot for the comparisons of wound area (A) and wound area decrease (B) between NPWT and MWC groups. Cl = confidence interval,
MWC = moist wound care, NPWT = negative pressure therapy, SD = standard deviation, SMD = standard mean difference.

of TGF-B1 in granulation tissue in DFUs compared to that of
the MWC treatment. Thus, through many complex molecular
pathways, the NPWT could provide the patients with an accel-
erated healing on the wounds.

TGF-B1 and tissue inhibitor metalloproteinase-1 were sig-
nificantly increased, when comparing to that of the patients
treated with MWC. Yang et al'® also showed that NPWT facil-
itated the production of cellular fibronectin and the expression
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NPWT MWC
Study Events Total Events Total
Ravari--2013 7 10 6 12
Nain--2011 14 15 8 15
Fixed effect model 25 27
Heterogeneity: 1?=0%, =0, p =061
A

NPWT MWC
Study Events Total Events Total
Lone--2014 26 28 25 28
Nain--2011 13 15 11 15
Fixed effect model 43 43

Heterogeneity: 1?=0%, ® =0, p =0.50
B

Risk Ratio RR  95%-Cl Weight
— : 1.40 [0.70;2.81] 40.5%
——— 1,75 [1.07;2.86] 59.5%
————  1.61 [1.07; 2.41] 100.0%
T
05 1 2
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Figure 5. Forest plot for the comparisons of appearance rate of granulation tissue at 2wk (A) and disappearance rate of wound discharge at 8 wk (B) between

NPWT and MWC groups. Cl = confidence interval, MWC = moist wound care,

NPWT = negative pressure therapy, RR = risk ratio.

NPWT MwcC

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
James--2019 1 27 15 27 —m—— 0.73 [0.42; 1.29] 36.6%
Lone--2014 10 28 14 28 —mMmM——1— 0.71 [0.38;1.33] 34.1%
Nain--2011 9 15 12 15 ——F—— 0.75 [0.46; 1.22] 29.3%
Fixed effect model 70 70 —— 0.73 [0.53; 1.02] 100.0%
Heterogeneity: 12 = 0%, * =0, p = 0.99 I |

0.5 1 2

Figure 6. Forest plot for the comparison of incidence of blood culture positivity between NPWT and MWC groups. Cl = confidence interval, MWC = moist

wound care, NPWT = negative pressure therapy, RR = risk ratio.

NPWT Mwc Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Seidel--2020 171 1.00 1.70 171 0.90 1.70 —— 0.06 [-0.15; 0.27] 54.0%
James--2019 27 3.00 1.00 27 400 125 ——— -0.87 [-1.43;-0.31] 46.0%
Random effects model 198 198 : -0.37 [-1.28; 0.54] 100.0%
Heterogeneity: 1 = 89%, ¢ = 0.3852, p < 0.01

Figure 7. Forest plot for the comparison of VAS-pain score between NPWT and MWC groups. Cl =

NPWT = negative pressure therapy, SD = standard deviation, SMD = standard

-1 05 0 05 1

confidence interval, MWC = moist wound care,
mean difference.

NPWT MWC
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Seidel--2020 35 171 36 174 —'— 0.99 [0.65; 1.50] 53.6%
James--2019 3 27 5 27 — 0.60 [0.16;2.26] 7.5%
Lone--2014 1 28 3 28 —_— 0.33 [0.04;3.01] 4.5%
Ravari--2013 0 10 6 13— — 0.10 [0.01;1.56] 8.6%
Blume--2008 7 169 17 166 —=H 0.40 [0.17;0.95] 25.8%
Fixed effect model 405 408 < 0.70 [0.50; 0.99] 100.0%
Heterogeneity: 12 = 40%, t° = 0.1900, p = 0.16 f I ‘ |
0.01 01 1 10 100

Figure 8. Forest plot for the comparison of risk of amputation or resection after treatment between NPWT and MWC groups. Cl = confidence interval, MWC =

moist wound care, NPWT = negative pressure therapy, RR = risk ratio.

Recently, Seidel et all™! conducted a RCT to compare the
clinical outcome of patients treated with NPWT and MWC for
DFUs. As a result, neither the wound closure rate nor the time
to wound closure was significantly different between the treat-
ment arms. However, most of the other studies showed that the
NPWT was significantly more efficacious than MWC in DFU
patients. Lone et al® compared the effectiveness of NPWT

versus MWC in the healing of DFUs. They found that granu-
lation tissue appeared in 92.85% and 53.57% of the patients
at 2 weeks in NPWT and MWC groups, respectively. Full gran-
ulation was achieved in 77.78% and only 40.00% patients at
5 weeks in NPWT and MWC groups, respectively. Patients in
NPWT group had significantly fewer number of positive blood
cultures, secondary amputations and were more satisfied with
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NPWT MwcC
Study Events Total Events Total
Seidel--2020 95 171 72 174
Blume--2008 23 169
Random effects model 340 340

Heterogeneity: 1> = 70%, 7 = 0.0951, p = 0.07

0.5

22 16—

Risk Ratio RR 95%-Cl Weight

1.34 [1.08; 1.68] 60.1%
0.81 [0.49; 1.34] 39.9%

——————  1.10 [0.67; 1.80] 100.0%
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Figure 9. Forest plot for the comparison of overall frequency of adverse event between NPWT and MWC groups. Cl = confidence interval, MWC = moist wound

care, NPWT = negative pressure therapy, RR = risk ratio.

treatment as compared to MWC group. Hence, they concluded
that NPWT was associated with increased effectiveness, safety,
and patient satisfactory, compared to MWC group. Riaz et all*?!
also reported that appearance of granulation tissue was more
rapid in NPWT group as compared to MWC group (mean: 17.5
vs 37.5 days). Our results were in accordant with these studies,
showing superior efficacy of NPWT in patients with DFUs.

The current study also demonstrated that no additional
risk of adverse events was associated with NPWT application
when compared to MWC. In addition, by applying of negative
pressure device, the incidence of post-treatment amputation or
resection could be decreased.

This study, however, has some limitations that must be
acknowledged. First, in spite of the randomized controlled
design, the quality of some included studies was relatively low
owing to their undisclosed details of study methods, like the
randomization, concealment, and blinding methods, which
may lead to bias. Second, some RCTs had relatively small
sample size making their results somewhat unreliable. Finally,
data for some outcomes were only available in a few primary
studies, causing the small number of patients involved in the
meta-analyses. Thus, some more high-quality RCTs are neces-
sary to further identify the treatment effectiveness of NPWT
versus MWC.

5. Conclusions

Based on the available RCTs, this study found that NPWT could
accelerate process of the wound healing, and decrease the risk
of post-treatment amputation or resection, without increased
frequency of adverse events, when compared with MWC, in
patients with DFUs.
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